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A METHOD FOR STUDYING THE LONGITUDINAL DYNAMIC STABILITY |
OF FLYING-BOAT-HULL MODELS
AT HIGH PLANING SPEEDS AND DURING LANDING
By F, W. 8. Locke, Jr., and W, C, Hugli, Jr.

SUMMARY

The investigatlion which forms the sublect of this report originated
with the concept that the various types of instability sometimes en-
countered in the motion of a flylng boat on the water at high speeds and
high trim angles, particularly upper-limit porpoising and skipping, might
have the same basic source and therefore be susceptible of inveetigation
by the same test procedures.

A method 1s described for carrying out generalized experimental
studies of the longitudinal dynamic etability of flying-boat-hull models,
Predetermined disturbances of the motion at conetant speed are introduced
at an lnitial instant of time, sinmuleting disturbances which might occur
in actual landing or take-off maneuvers, and the effects on the subsequent
motion are recorded graphically. Direct comparisons between different
models, on a quantitative basis, are thus provided for.

Data on three related models are presented, which cover wlde varia-
tions of initlial disturbances within a limlted range of equilibrium condi-
tions of motion., Although not extensive enough to Justify sweeping con-
cluslions, these data show:

1. That initial disturbances willl bring out unstadble characteristice
in a model, within regions consistent in extent with those de-
fined 'An special teste for particular characteristics such as
the "upper limit, decreasing trim"

2. That the magnitudes of the initial disturbances are more important
in thie connection than thelr character, even when their charac-
ter is 8o altered that in one case the model is deeper in the
water at the initial instant of time, while in another case it
18 clear out of the water - so that it nust then land

3. That, within bounds, increasing. the magnitudes of the initial dis-
turbances tends to cause progressively wlder trim ranges of 1in-
etabllity in a glven model. Beyond certailn more or less well
defined bounds, however, increasing the megnitudes of the dis-
turbances seems to have almost no effect

It is concluded that the method could be used, if desired, for the
study of normal service landings as such, though no particular effort to do
this was made 1n the present 1nstance.

The main thesis, that upper-limit porpolsing and sklpping have the
same basic source, 1s not definitely proved. The work is believed, however,
to contribute to the growing body of circumstantlial evidence in aupport of
1t, and there does not appear to be pressing need for attempting a rigorous
proof at this time., The matter is thought to have been reduced from prac-
tical to academlc importance.



2 | NACA ARR No, U431
INTRODUGTION

The need for improved landing and take-off characteristics of flying-
boat hulls has been accentuated in recent years because of progressive in-
creases of size, gross welght, and get-away speed.

The region of high speeds and high trim angles is a perticularly im-
portant one in connection with these maneuvers, and especially so in view
of the various types of longitudinal dynamic instability pecullar to this
region., These instabllities are always undesirable and have sometimes
reached catastrophic proportions; they are known by such names as

(a) High~-angle or upper-limit porpoising, assoclated with the "upper
limit, increassing trim" or the "primary upper limit," which
willl originate at constant ‘speeds on the water less than the
landing or take-off speed

(v) High-angle "hysteresis" porpoising, associated with the upper
1imit, decreasing trim or the "secondary upper 1limit," which
is an extension of the baslc high-angle type of porpolsing
into regions of lower trim angle

(¢) Skipping, which is recognized as being connected with the actual
process of making or breaking contact with the water in elther
landing or take-off ("Jump" take-off), though somewhat more
prominently assocliated with landing, and which tosses the fly-
ing boat into the alr at speeds below flying speed, and

(a) Bouncing, which 1s apparently more or less similar to skipping
- but 18 as yet not very accurately defined

The last two types of longitudinal dynamic instability can occur at
low trim angles as well as at high trim angles. 1In thie report, however,
only trim angles above 4° were investigated. See dlagram facing page 9.

It has been recognized for some time that all of these are manifesta-
tlons, 1n one way or another, of hydrodynamic instability: although they
involve periodic oscillatory motions, they do not depend for their occur-
rence upon the presence of any external system of perlodic disturbing
forces - such, for instance, as might be provided by waves on the water
surface. Nor does 1t require much stretch of the imaginatlion to concelve
the possibility of thelr being directly related to each other, and attrib-
utable Jointly to the influence of common initiating circumstances. It was
this possibility which first suggested the present investigstion.

In extending the thought it was argued that if, at an inlitial instant
in time, a fTlylng boat found itself in a given situation with respect to
the water surface, representing either or both of the following: (1) given
differences of attitude (in heave or trim) from the equilibrium attitude,
and/or (2) given states of secondary motion (vertical or angular), then a
given behavior might be expected to follow, regardless of the train of
events which brought about the given situation,

If this could be shown to be the case, 1t obviously would:constitute
a conslderable simplification, both in fact and 1n the deslgner's mind,
since any change of design which helped with respect to any one type of
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instabllity could be counted on to help with respect to the other types.
Furthermore, it was reasoned that the relative merits of Adifferent designs
could then be evaluated from the point of view of all the types of insta-
bility at once, by a single series of tests conducted under prescribed

~equilibrium conditions of speed, load, trim, and moment, and involving sys-

* tematic initilal disturbances from the equilibrium conditions, Such a pro-
cedure, if successful, would avoid the uncertainties inherent in attempts
to interpret the results of actual landings and take-offs, and would sub~
stitute strictly comparable quantitative data.

To proceed along these lines 1t obviouely would be necessary (1) to
deviese a sultable test method, and (2) to establish 1ts rellability by
comparing its indications with the best information avallable from other
sources, in several test cases,

This report deals primarily with the development of a test method,

It bears upon the second requirement by presenting and discussing tests on
three models differing only in the height of the maln step, a design fea-
ture which has come to be recognized from both model and full-scale expe-
rience as having an important influence on stability in landing and take-
off. The tests do not cover a wide range of equilibriun conditions, since
it was consildered preferable at the start to emphasize breadth in the
ranges of inltial disturbances covered rather than breadth in the equilib-
rium conditions; the test indicatlons are, however, conseistent with other
information on the effect of step height. ‘

The investigation, conducted at the Experimental Towing Tank, Stevens
Institute of Technology, was sponsored by and conducted with the rinancial
assistance of the National Advisory Committee for Aeronautics.
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APPARATUS

For the present investigation, the apparatus regularly employed at
the Experimental Towing Tank for studies of dynamic stability, and de-
scribed in reference 1, was provided with two auxiliary devices:

l. A clamping bar, by means of which the model could be clamped at
predetermined attitudes in trim and 1n elevation of the center
of gravity prior to starting a test run, and then be released
after being brought up to constant speed, and

2. A spring, by means of which the model could be given, when de-
slred, an initiasl downward thrust upon being released from
above the water surface

These additions to the apparatus are shown in figures 1 and 2.

Detalls of the usual test procedure employed with the basic apparatue
(without the additions) are given in reference 1. It has been found in a
particular instance that determinatione of the upper 1limit, increasing
trim, and of the lower limit, by this procedure, .are in good agreement
with corresponding determinations at the NACA tank for the same flying-
boat design. This case is shown in figure 3, which gives data from both
tanks for the parent design used in the present investigation. (The NACA
%ita ?sed in preparing this part‘cular chart are from unpublished informa-

on.

The clamping bar referred to in item (1) was developed when it be-
came clear that the usual procedure did not define the upper limit, de-
creasing trim, Its purpose was to introduce initial disturbances of the
sort employed here, with the thought that these might be the means of
bringing out hysteresis porpoising and the upper limilt, decreasing trim,
Preliminary tests with this end in vliew, described in an unpublished
report, were promising. The present investigation is, in a sense, an
extension of the earliler work but rests upon a somewhat broader back-
ground.

The spring was developed for the present investigation, as a means
of imparting higher downward velocitles to the model than could be ob-
talned by dropping the model from the maximum heilght available within
the limitatlions lmposed by the design of the rall and towing carriage
of the tank,
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GENERAL PROCEDURE
In principle, dlsturbances from an equilibrium condition .occurring at

an initial instant of time ¢t = O might be of four different types:

1., &h, a difference of heave, or elevation of the center of gravity,
with respect to the equilibrium value

2. AT, a aifference of trim, with respect to the equilibrium value
3. dh/at = w, a verticél veloclity of the center of gravity
4. da1/dt = q, an angular velocity about the center of gravity
It seems clear encugh, however, that in planning model tests 1t is
unnecessary to deal with all four typee of initlal dlsturbance. Referring
to the following sketch: _
- assuming that at some hypothetical point
(1) of release of the model (2) it is desired

that all four types of disturbance have
1 Tinite valuee, then it may be supposed
h

Points of <-- -

releass that there 18 some other point of release

(1) where, for instance, dh/dt and
s dr/dt are zero, and Ah and AT can be
s s iven values which alone will produce the
Equilibrium attitude gesired values of the four types of dis-
k— .turbance when the model passes, after re-
/////1;;;7”‘ lease, through the point (2). It follows
from thils reasoning that the effects of any
possible combination of the four types of
disturbance can be duplicated by taking
any two of the types equal to zero and assigning appropriate values to
the otner two - which means, in effect, that two of the types can be dis-
regarded, provided sufficiently wide ranges of values and comblnations of
the other two are covered. This point of view was adopted in laying out
the tests in the present instance.

Other things being equal, 1t would have been desirable to select two
types of disturbance and use them for all the tests. This could not be
done, for the reason that tests were desired both with the model in the
water at the instant of release and with the model above the water surface
at the instant of release. For these two kinds of tests, the logical
choices appeared to be ' '

1. oAh and AT, when the model was in the water

2., dh/at and AT, when the model was above the water surface, both
values to be measured at an arbltrary elevation of the center
.of gravity, preferably close to the elevation at which contact
"wae normally established between the model and the water
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The shift from Ah to dh/dt Ain the second kind of test was dictated by
the fact that Ah ceases to have definlite meaning when the model is above
the water surface.

In practice, d4&h and AT proved entirely satisfactory for the first
kind of test. For the second kind of test, however, it proved cumbersome
to use dh/dt, which had to be derived from the test data and was not,
therefore, an independent variable like aAh. Hence, the potentlal energy
at release, in excess of the potential energy at the arbitrary elevation
of the center of gravity mentioned above, was substituted. Also, for
corivenience, AT was defined in the second kind of test by the point of
release rather than by the arbitrary elevation of the center of gravity.

The excess potential energy at release from a position above the
water surface 1s evidently

2
- kH
A P,E, = WH + 35—

where
W=gross welght

H= vertical distance dropped through from point of release to arbitrary
height of the center of gravity, used as reference (roughly the
distance from keel to free water surface)

k= constant (force per unit stretch) of the spring used to impart initial
downward thrust (k = O when the spring is not used)

This potential energy difference is related to the kinetic energy at the
arbltrary helght of the center of gravity used as reference, and hence to
the value of dh/dt at this height, but the relationship is not direct
because energy 1s lost in forcing the hydrofoll downward, and the amount
of the lost energy depends upon the angle of attack of the hydrofoill. Use
of the potential energy at release avolded the necessity of calculating
the lost energy in each test and thus simplified ‘the work.

TEST PROCEDURE -

Except for the use of the clamping bar and the spring, the detailed
test procedures followed durling this investligation were the same as those
used in making the porpoising tests discussed in reference 1.

Runs were made at two steady speeds near get-away with various values
of applied moments selected to produce equillibrium trim angles extending
from well below, to somewhat above, the trim for the primary upper limit
of stabllity as determined in earlier tests.

At each combination of speed uuna applied moment, an initial run was
made without using the clamping bar or spring, in order to determine the
equilibrium trim, using heavy pitch damplng when necessary to avoid por-
polsing.

Tests were then made with normal damping, in which the model was
released successively from a number of attitudes differing from the equi-
librium attitude, and corresponding to prescribed initial disturbancee.
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The tests were divided into two groups, one group in which the model
was released in the water, the other, in which the model was released from
above the water surface, When the model was released in the water, the

“elamping bar alone was used,  When -the model was released above the water
surface, the spring was used in addition to the bar whenever it was de-
sired to impart an additional downward thrust.

The behavieor of the model after the instant of release was recorded
An each test on a smoked-glass slide by a soriber mounted on the model,

inches above the center of gravity at zero trim. On each record were
marked, for reference: .

(a) A vertical line and a horizontal line corresponding, respec-
‘tlively, to zero trim and zero heave at static floatation

(b) Two lines indicating the combinations of heave and trim of
the model at which either. the forebody or the afterbody
would touch the water. These lines provided references to
determine, after the test, how the model had made contact
with the water and whether it subsequently left the water
if porpoising occurred.

MODELS

Tests were made on three related models. The parent of the family
was Model No. 339-1, which is a 1/30-scale model of the XPB2M-1, with a
step helght of 5 percent of the beam. The other two models, Nos,
339-27 and 339-26, were modifications of the parent mcdel, to provide
step heights of 1 and 9 percent of the beam, respectively. The changes
of step height were accomplished by rotating the afterbody about the
intersection of the afterbody keel and the sternpost, Thus, the stern-
post angle was held constant when the step helght was changed.

Body plans of the parent model are shown in figure U,

The particulars, specifications and aerodynamic characteristice
used for all three models were those of the parent XPB2M-1 flying boat,
reduced to the model scale of 1/30 (except, of course, for the differ-
ence 'in step heights). They are shown on page 21.
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TEST RANGES

Equilibrium Test Conditions

The diagram on the facing page shows the location of the equilibrium
test conditions, as listed below, with respect %o the take-off trim track,
the free-to-trim track, the ordinary stability limits, and so forth, in
the case of the parent model.

Speeds: The tests were made at two speeds,

Startes in the water

Speed in feet ﬁer second . 21.18
Cv 5.57
Starts above the water surface
Speed in feet per second 21.18 23.53
Cy 5.57 6.19

Tests with starts in the water were omitted at the higher speed when it
became evident from the tests at the lower speed, which were run firset,
that both types of test were unneceesary {see discussion on p. 15).

Moments: The moments used at the respective test speeds (for both
kinds of starts, when made) were

_ (Speed) - 21.18 23.53
Nominal moment = Mgo inch-pounds «5,00
=3.75

-2,50 ——— =2.50

-1.25 ——— -1.25

+1.25
corresponding'to equlilibrium trim angles of the parent model of

Equilibrium trim angle, degrees

7.6°
7.4°

LM e e o T, 2%, | Jpu— 6.5°
6.6° —— 6.1°
4,2° —— 5.5°

3.5°
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The "nominal" moment, as used throughout this report, is defined as the
moment measured at an arbitrary trim angle of 5°, 1In general, it differs
slightly from the actual moment occurring at the equilibrium trim angle.
The signa refer to hydrodynamic momernts; a negative hydrodynamic moment
tends to depress the bow and requires a nosing-up moment applied by the
elevators to produce equilibrium,

Ranges of Disturbances

A, Starts in the Water

At each combination of speed and moment covered (one speed in this
case), tests were made with combinations of initial disturb-
ances, as defined by

1. &h, a dirference of heave or elevation of the center of
gravity with respect to the equilibrium value, ranging
from +0.3 to ~0.3 inch in intervals of 0.1 inch

2. AT, a difference of trim with respect to the equilibrium
value, ranging from +8.0° to -6.0° in lntervals of 20

B. Starts above the Water Surface

At each combination of speed and moment covered (both speeds in
this case) tests were made with combinations of initial dis-
turbances, as defined by

1. A P.E., an excess of potential energy at the instant of
release, with respect to the potential energy at an
arbitrary heilght at the center of gravity close to
that at which contact was normally made. Three values
of A P,E., listed below, were selected to give ap-
proximately the lndicated values of dh/dt, the ver-
tical velocity of the center of gravity at the arbi-
trary height, and the indicated values of the glide-
path angle.

A P.E, dh/at Glide path
(1b/1t) (£t/sec) (deg)
0.3 0.7 2
.6 1.4 _ 4
.9 2.1 6

The values of 4 P,E, are those actually used., The val-
ues of dh/dt and of the glide-path angle gre approx-
imations, covering roughly the whole range of the ex-
periments. The glide-path angles are seen to cover
reasonably well conditions likely to be encountered
even in violent full-scale landings,
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RESULTS
-The test results are summarized in tables I to VI and show, respec-

tively, ‘
Table'_ Model Speed

(ft/sec)
Ii} 1 percent step (No. 339-27) g%:ég
'Iiﬁ} 5 percent step (No. 339-1) {g%:%g
vg} 9 percent step (No. 339-26) g%:%g

Each of these tables shows, in separate boxes, the results obtained
with each of the several values of moment used. Each box shows all the
conditions covered with the moment in question, including starts both in
the water and sbove the water surface. The reesult shown is in each case
the worst obtailned in a series of repeat test runs.

Figure 5 1s an enlarged view of one of the boxes in table 111, which
shows the actual graphical records of the motion for the tests in point;
its purpose is to0 give a visual impression of the tabulatlions and to
1l1lustrate the basis on which the interpretation of the data was made.

The interpretation is illustrated in greater detall by the graphlcal
records on figure 6 for certain of the tests shown in table I, especially
selected to bring out the characteristics of the four types of motion
which were falrly readilly recognizable throughout the whole range of the
investigatlion, and which were adopted as criteria in preparing the sum-
mary tables. It happens that all the tests selected for this chart were
made with starts above the water surfsce, but this is incidental and has
no particular significance; for present purposes the point 1s simply that
all the tests were made with initial disturbances. The four types of
motion are:

S - Stable. The model proceeds from the attitude of release to the
equilibrium attitude in a reasonably orderly manner, some-
times overshooting the mark but returning quietly.

D - Damped ﬁgper—Limit Porpoising.  The model proceeds in a very-
disorderly manner, passing through one or more irregular por-

poising cycles, and then steadying at the equilibrium attl-
tude. In cases where there is more than one cycle, succeed-
ing cycles may or may not duplicate each other.

P - Self-Sustaining Upper-Limit Porpoising. The model proceeds as
before, but enters very quickly a regime of self-sustaining

porpoising with conaistently uniform successive cycles, and
“wWould apparently”continue indefinitely in the same way.
Sometimes the first 1 or 2 cycles are a little larger than
the others,



12 ' : NACA ARR No. 4H31

B - Incipient lower-Limit Porpoising. The model passeés through a
partial cycle of what has the appearance of ordinary lower-
limit-type porpoising, and is then flung into the air. Upon
reentering the water, any of the three preceding types of
motion may occur, though stable motion is the most probable.
This type of motion usually occurred following starts above
the water surface, with low trim angles at contact.

DISCUSSION

Determination of Secondary Upper Limit

The summary tables, I to VI, together with data for certaln inter-
mediate test conditions not shown thereon, provide a means of determin-
ing the secondary upper limits withln the narrow speed range covered by
the tests. If the secondary upper limit is defined as the trim angle
below which self-sustaining upper-limit porpolsing (indicated by "P")
falled to occur under the most extreme combinations of initial disturb-
ances considered in the investigation, with starts elther in or above the
water, the secondary upper limit for the parent model is found to be at
about

T = 6° for the lower test speed, 21.18 feet per second
1 = 44° for the higher test speed, 23.53 faet per second

These values are compared in the chart on figure 7 with values of the
upper limit, decreasing trim of unpublished NACA information for the same
design. Thie chart 1s in the same nondimenslonal form as flgure 3, and
the same mean curves are shown on both charts for the primary upper limit
of stabllity and the lower limit of stability. The NACA tests covered
five gross loads and various speeds. _ '

It will be seen that the secondary upper 1limit, as defined in the
foregoing paragraph, and the upper limit, decreasing trim, as defined by
the NACA, are in reasongbly good asgreement. This 1s important, because
it indicstes that the two limits are in fact much the same thing or, con-
versely, that a single, defingble 1limit can be determined by two quite
different methods.

Figure 8 provides additlonal, though somewhat less direct, evidence
along the same lines. It shows the secondary upper limits determined from
the summary tables in the eame way, for all three models of the serles, ’
It will be seen that increasing the step height ralses the secondary upper
limit, and this is consistent with the evidence in references 2 and 3 that
increasing the step height raises the upper limit, decreasing trim, as
determined by the NACA,
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Magnitudes of Initial Disturbances

The summary tables, I to VI, show clearly that progressively greater
initial disturbances are required to induce self-sustalning porpoising
when the nosing-up moment,” and hence the equilibrium trim, is progres- -
sively reduced below that corresponding to the primary upper 1limit. Thus
it might easlly have been supposed, in advance, that sufficiently large
initial disturbances might induce self-sustaining porpoising at equilib-
rlun trim angles below the upper limit, decreasing trim, determined by
the NACA, This possibility cannot be sald to have been completely ruled
out, of course, for the simple reason that the initial disturbances
covered by the present investigation may not have been sufficiently ex-
treme. On the other hand, the dieturbances are believed to have been at
least as great as any likely to be encountered in actual landing or take-
off maneuvers, even under very rough condltions, and there 1s nothing An
the summary charts to suggest that larger disturbances would have altered
the piloture appreciably. ' '

In effect, the NACA procedure may be said to use an already-
established porpoising motion to introduce dlsturbance; whereas the pro-
cedure under consideration uses initial disturbances of predetermined
magnitudes, Evidently an established porpolsing motion 1e as effective
insofar as fixing the position of the secondary upper limit 1s concerned,
as are the largest of the initial disturbances here oconsildered.

From the point of view of design, the fact that progressively greater
initisl disturbances are required to. produce self-gustaining porpolising,
as the equilibrium trim angle progresses downwardly from the primary to
the secondary upper 1limit, i1s probably of less lmportance than the fact
that the whole region between the two limits is one of inherent insta-
bility. Nevertheless, the progreseion in the necessary magnitudes of the
initial disturbancee alters the likelihood of porpoising within the
region -~ the more violent the disturbance the more likely the porpoising -
and this appears to have practical significance, as will be seen presently.
Also, it impllies a certain sensitiveness, which was, in fact, evident in
carrying out the tests. For instance, a few ripplee on the water surface
seemed sufficlent in a number of cases to start porpolsing which would
not occur with the same initlal disturbances in glassy calm water. Con-
slderable care should be taken in the actual conduct of the tests to
eliminate, as far as possible, irregularities in the results attributable
to this sort of thing.

Types of Initial Disturbance

The preceding section refers to magnitudes of initial disturbances
wlthout differentiating as to their types. Questions naturally arise
regarding the relative influence of the different types; whether 1t 1s
easler, for instance, to induce porpoising in tests started in the water
by disturbances in heave Ah than by disturbances in trim AT, or vice
versa. The avallable information does not permit precise answers to supgk
questions. But the questions gare probably of secondary importance in any
case, for 1t appears to be the magnitude rather than the type of the dis-
turbance that counts most heavily, .



14 NACA ARR No. 4H31

Starts in the Water and above the Water Surface

An over-all view of the relative influences of different types of
initial dleturbances, along somewhat broader and more directly useful
lines, is afforded by comparing the results for starts in the water and
above the water surface.

Direct comparison 1is dirflcult from the summary tables of test re-
sults; there are no simple means of cross-reference by which equivalent
1n1t1a1 disturbances can be readily visualized for the two kinds of test,
because of the differing definitions of the initial disturbances neces-
sarily used. For this reason, an over-all comparison on a statistical
basis has been resorted to in the bar chart. (See fig. 9.)

The upper half of this chart refere to starts in the water, and the
lower half to starts above the water surface. Each bar represents the
results of all the tests made under the stated conditions, including
those listed in the summary tables and all repeat tests (a total of some
60 tests in each case), and shows the relative frequency of occurrence
of the four types of motion described on page 12. The three models, and
the various equilibrium conditions covered by the investigation, are
shown separately. The chart is naturally limited to the lower of the two
test speeds, where both kinds of test were carried out.

The chart confirms the indicatlions already referred to that porpols-
ing is more likely with higher equilibrium-trim angles and that increase
of step height is beneficial. But 1lts importance for the purpose in hand
is the evldence 1t presents that approxlmately the same frequencles of
occurrence can be expected, under otherwise identical conditions, regard-
less of whether the model ls started in or above the water. Bars directly
above or below each other on the chart are strikingly similar in all
cases, and it ie obvious that essentially the same conclusions would be
drawn on the basis of elther kind of test.

The actual percentages shown by the chart for each of the four types
of motion would be expected, from the point of view of earlier discuesion,
to depend to some extent upon the distribution of the tests represented
according to the magnitudes of the initlial disturbances used. This dis-
tribution was, however, falrly uniform in all cases.

Evidently, then, even such large distinctions in the types of initlal
disturbances as those corresponding to the definitions used for starts in
and above the water, respectively, have little influence on the resultlng
behavior,
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Landing

. The bar chart (fig. 9) gives forceful evidence that the main factor
intluencing the behavior of a given model after release is the equilibrium-
“trim-angle setting, and not the character of the initial disturbances or
even the distinction of whether the model was released in the water or
above the water surface, . -

The implicatlon is clear that there is nothing 1n landing, per se,
which basically alters matters., It may well be that in actual practice
the landing maneuver is especilally likely to involve large disturbances

from an equilibrium attitude but, if so, this seems to be its only unique
feature.

All the teste here reported, in which the model was released from
above the water surface, represent theoretically possible landings. Most
of them, however, represent much more extreme landings than are at all
probable under service conditions. If the definition be adopted that a
"normal" service landing is one in which

" (a) A fixed elevator eetting is maintained throughout
~(b) The glide-path angle 18 reasonably small, and constant for
an appreciable time interval prior to contact (that is,
there is no vertical acceleration just prior to contact), and

(¢) There is no angular velocity or acceleration Just prior to
contact

then the "initial disturbances" which can occur are restricted to much
smaller magnitudes than were embraced in the present serles of tests,
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In a normal landing, as defined in the foregoing paragraph, contact
with the water evidently may be established at any combination of speed,
trim, and glide-path angle which provides equilibrium between the gross
load and the 1ift, with the further restriction that the glide-path angle
shall be- reasonably small. The diagram on the facing page shows possible
combinations of speed and trim for several glide-path angles, in a typical
case, and indicates the region in which normal landings will occur if 3°
is taken as about the maximum glide-path angle which, with any Justice,
can be referred to as "reasonably small.! The two upper limits are shown
also, and the region between them is shaded to indicate the greater like-
lihood of porpoising as the primary upper limit is approached from below.
It should be emphasized that 1t is proper to think of the region between
the two upper limits as defining the range in trim angle within which
upper-limit porpolsing can occur, for when the primary upper limit is
approached from above, the trim angle Nas to be lowered to very nearly
the value corresponding to the primary upper limit before the forebody
touchee the water and upper-limit porpoising becomes possible.

The probable progression of events in normal landings with fixed
elevators can be traced on a diagram of this sort.* Referring to the
dlagram:

Landing (1). Contact is made with 0° glide-path angle, hence
wlth no appreclable shock or "initial disturbance," and at the zero-
moment trim for water operation. Instability following contact is
very likely to develop, however, because the trim path during de-
celeration crosses the entire region of instability relativelv
slowly, giving time for porpoising to develop.

Landing (2). Contact is made with 0° glide-path angle as be-
fore, but at a trim angle considerably greater than the zero-moment
trim, and in a region of stability. The afterbody makes contact
firet, and the trim is reduced very rapldly after contact, Sta-
bllity 1s perhaps better assured here than in Landing (1), because
the region of worst instabillty is crossed more quickly, leaving
less time for porpoising to develop.

Landing (3). Contact is made with a 3° glide-path angle, and
hence with a considerable shock or initial disturbance. But the
trim angle at contact is low and in a region of stability, so that
the 1nitial disturbance cannot easlily initiate porpoising, and the
trim path during deceleratlon may never enter the region between the
limits where porpoising is likely to occur. Stability is thus
reasonably well assured.

*A dlagram along the same general linee was suggested by Mr. Ernest
ovt- ' .
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Other examples could be cited. The underlying concept, however, is
1llustrated by these three: namelv, that it is not landing as such, or
even necessarily the shocks (or disturbances) incident to landing, whioch
determine the subsequent behavior, but rather

1. The upper-limit porpoising charadterlgtics'aa a whole, as
determined in tests at constant speed,

2., The position of the equilibrium trim track in relation to the
region of instability, and

3. Possibly the time factor involved 1in the speed and trim changes
which occur after contact ie first established.

This concept leads naturally to the polnt of view that upper-limit
porpoising and skipping have the same origin and are, in fact, much the
same thing, the distinction in terminology probably being accounted for
by the differing circumstances under which they have been observed, The
term "upper-limit porpoising" has come to be associated with steady
speeds on the water, often well below possible landing speeds; the term
"gkipping" has come to be associated with the actual landing maneuver.

If the speeds are high and the water-borne loads are small, the hull usu-
ally will leave the water for some part of each cycle of motion during
ordinary upper-limit porpoising. But there is no particular reason for
assoclating the leaving of the water with upper-limit porpoising in gen-
eral, becasuse 1t does not occur at lower speeds with heavier loads. In
landing, however, the combinatlon of high speeds and light loads is the
usual one and the leaving of the water ls therefore usual, and naturally
assoclated with it. There would be nothing inconsistent with existing
evidence in the statement that skipping is upper-limit porpoising in which
the hull leaves the water during a rart of each cycle, and in reallty this
is the most obvious feature of the motion., The tendency for the cyclid
motion to involve changes of heave primarily and changes of trim only
secondarily has often been commented on in connection with both upper-
limit porpoising and skipping.

The point of view discussed in the foregoing paragraph appears to be
entirely consistent with the views expressed by Parkinson in reference 4,
which has been published since the present investigation was undertaken.
Reference 4 relates directly to skipping as encountered in the course of
normel landings of models in the NACA tank, but in its explanation of the
physical mechanism which 1s responsible, skipping and upper-limit por-
poising are clearly linked together. A generally similar explanation was,
in fact, attempted in reference 5 but, in that case, in connection with
upper-1limit porpoising as such. As Parkinson puts 1it, the explanation
hinges upon the fact that when the trim angle is high enough to make the
afterbody keel roughly horizontal, the free flow of air to the space be-
hind the step may be cut off, with the result that entrainment of the
trapped alr by the water flowing aft from the forebody bottom causes a
powerful suction, This depressee the hull, producing excess forebody 1lift
which, 1n turn, 1ifts the hull and breaks the suction, Evidently the same
train of events might occur whether the hull previously had been in the
air, or on the water surface at a lower trinm angle. ’
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The more extreme landings in the present series of tests were pro-
duced by disregarding the restrictions imposed by the definitions for
normal landings on page 'l5. In these landings, the model was released
from above the water surface.both at a lower speed (21.18 rt/sec) and with
larger initial disturbances than were considered likely to occur in prac-

tice. This was done purposely, to exaggerate matters for the purpose in
hand.

The use of relatively large nosing-up applied moments in the tests,
corresponding to more extreme up-elevator settings than would be likely
to be needed in normal landings, may be thought of as falling into the
same category of exaggeration., This 1s partlally true, but a high nosing-
up applied moment also may be thought of as simulating in some measure
the combination of a normal elevator moment with an aftward shift of the
center of gravity. The tests suggest, therefore, that shifts of the
center of gravity probably have little or no direct effect on landing

stability, but influence it mainly through their effect on the normal
trim tracks,

No emphasls was placed on reproducling normal landings in the present
investigation., It wlll be seen, however, that apart from the fact that
no provision was made for controlled deceleration of the model during the
course of a test run, the test method could be employed to eimulate many
aspects of normal landings, 1f this were desired. The cholce of suitable

combinations of speeds and glide-path angles would be the principal re-
quirement.

1

CONCLUDING REMARKS

The tests reported indicate

1. That initial disturbances, with respect to the equilibrium at-
tltude at steady speed, will cause porpolsing of the upper-limit type
in the region between primary upper limit and a definable secondary upper
1limit which agrees well, in the case investigated, with the upper 1limit,
decreasing trim, defined st the NACA tank,

2. That progressively larger disturbances are required to initlate
porpoising as the equilibrium trim angle 1is progressively lowered within
this region, although, when the secondary upper limit 1is reached, further
inereases of initial disturbance have practically no effect.

It is suggested that skipping at high trim angles and upper-limit
porpoising are physically one and the same, and that the skipping tend-
ency in normal landings is governed to a large extent by the range 1iwn
trim angle between the primary and secondary upper limits (upper limit,
increasing trim, and upper limlt, decreasing trim, respectively).

Experimental Towing Tank,
Stevens Institute of Technology
" Hoboken, N. J., May 19, 1984,
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PARTICULARS AND SPECIFICATIONS (Normal)

Navy Designation ., .
Martin Model No. .'.
Martin Drawing No.

Stevena Model KNo. .
Somle . . . . . . . .

Dimensions

Beam at main step, An.

8Angle betwean forebody keel and baue 11ne, deg
Angle between afterbody keel and base line,

Helght of main step-at keel, in,

Center of gravity forward or main step

(26.58 percent M,A.C,)

Center of gravity above base 11no, 1n.

Groes weight, A, b .
Logd cosfficlent,

, in. .

Cp {sea'water) . .

Moment of inertia in pitch, slugfts®
1b-in.2

Wing span, ft ; « s
Wing area, 38, sq ft .,

MNean merodynamic chord,
Aspect ratio (geometric)

M.

A.C.,

Horizontal tall area, sq ft . . .

Elevator area, 8sq ft

Distance, conter of gravity to

horizontal tail (tall length),

Thruet line,
Thruet line

Full-size
Ratlos S del
Of speed, A'‘?
Of'length A
0Of area, A?
Of volume, A3
Of moment, A%

Of moment ‘of 1nertla;

A

Aerodynamic characteristics

C at 7

L at T =5§° e
ac /4T L, . ...
dL/aT (az/as), 1b/deg

al/daw (4Z/dw), lb-sec/ft (g% e

chCG/daB dCHc /d‘l‘

dMgg/dT (am/de),

= 52 (relative to

base line,

(av.) ..

1b ft/deg

‘BaM/dg, 1b rt sec/radian . .

dM/dw, 1b gec (av.) .

am/a , ft/radian . .
am/aw

AWdq /ns1y tength
-dM/dw// 4 ength,

Get-away speed, fps .
Get-eway Cp. . . . .
Get-away T, deg . .

2411 trim angles
®Gontribution of

1/radian © .

in,

It

5 peroent

above base liine at main step,
inclined upward to base line,

deg

C Y
e . e

neasured -relative to the base
horizontal tail surface only.

Full size
XPB2M--1
170
- R240078

1

1uo,000
0.89

366 x 10°
6.32¢ x 109

e
oy
10.87
08
1543.7
63.6
230.3
5.5

R SRR
R )
e s v e s e
s e s e e o
o *» ® v

1.585
6.95 v2

0.1045
0.45¢ v@

0.458 v
. 0.0150
1.365 v?

8020 x v
75,3 X v

102.5

v e 1&61@-

130
1.890
© 8.8

line,

®K XK XK XX~

10
102
103

10°®
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Model

-1
%

1.585
7.72 x 1073 v®

0.1045

0.509 x 1073 v

0,509 x 107% v

0.0150
5.05 X 107% v8

9 90 x 1078 v
2.90 x 107% v

3.4
1.61

23,74
1.890

8.8
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STARTS ABOVE WATER

-osf-o.zL-ol] o |02 | e0.2] e0u3

STARTS IN WATER SURFACE
(NOMINAL)
M_...'-5.00

b, =200 in, T gquiy =TS deg, —a30in.1b,

. 03 | ©2] ©0.1] o [s0a ] oO.!I 0.3 o | 08 [ 0u8
; Changs from Bquil. Heawe, in. & P.E., 1b, fL,
L5 ' ‘ sp [chp
H6.0 e2p [€3p [Tor
1) 62P | 65P | 61P ‘ear [Cor (e3P
ghzo 65P | 6.8P | 6.P ‘61P ['65P [64P
PIG 7P |68P ] 67P “&or [sie (Y0
&z 67P | 6ar | 6.6P e3P [e2p [cep
%0 e8P | 60P | 6.1P “Bar [&1r [tor
Hem

h =199 1n, uia = T4 deg. ug] =521 1n.1b. Ms's -3.75
3’. ~ 108 | 0.2 ] 0. 1J o [ e0. | e022 0.3 ] 0.8 | 0.2
o . Change from Equil, Heawe, in. D PoEey 1be fE.
k8.0 s2p [430 [e3D
“Leo %3P [ 34P [57P
Fheo 5P | 57P | 62P 48P [‘ore (130
i 6.5P | 6.0P| coP 43P [S4r [ASP
HD 5.6P | 46P | 5.8P| 58P 9P | S0P [P
ko 6op |6or| s1P | s9P “Far | 6or [Gor
g-c.o s.sp | ssp | 27P | 57 Pzp fear [iop
.0

By =198 tn. T oquiy =T dog, wil =B inodn, M,.=-2.50
i 0.3 | 02| 0.1 @ [0 | «0.2] 0.3 0.3 | 0.6 | 0.9
. Change from Bquil. Heave, in. & P.E., 1D, £,
i.l.o 52p L SaP | soe
60 49P S0P | 59P | ssp
ko 61P | sor | sar sr "Sop aor
&z 43P | s0p | s0p p [ "se [hapr
g 45P | 6.3P | s2r | a7 |48P &SP | 5P [5aP
Sheo s.sp [4.ap | sse| sap {s3p “eor [6or [sor
2-4.0 6.ar |4sr | s3p| ssp|aap TP P apP | SeP
=6 .0

b, = 49T in, J =67 dog, =-1.00 ia.1b, 5.- .25
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s 6.0P | saP| 50D | 50P [ 5.0 | 60D
<f¢0l5.0p | 56P ) 547 | 50D | 6.0D | 450 4.5D
&h2.0]c.0p | 3.4D| 40P | 40D ] sop|60D
g{0 |[53P | 35D sOD| S [4.5D(420] 27D
<l2.0] 54D ] 490] 550|470 | s4b] 5.8D] 50D
%l4.ols50] S [60p]s0p]| 540] 2.iD] 32D
5i-6.0 5.2D

" ~ 180 in, equil "4 deg. Mo ) =rouoln.lb, MS" 0.0

0.3 | 0.6 | 0.8

Change from Equil. Heave, in.

O P.Bes 1be ft.

Cheange from Equil. frim, deg.

Ls.0 6.0r| S S [s3P[80D|T5SD [“Ys [™s

he.o s ]sls S | sep]esp s [**s %
wols7Pr ] s | § | S S S [ S *¥s s s
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6.0 1208 |12.58.
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TEST RESULTS

TABLE T

STEP HEIGHT = 1.0%b

MODEL 339-27

C.G _2.33 N. FWD. OF STEP
* 4,89 IN, ABOVE B.L.

SPEED 21.18 FT/SEC.

$ = STABLE

D =DAMPED UPPER
LIMIT PORPOISE

P = SELF - SUSTAINING
UPPER LIMIT PORPOISE

B = INCIPIENT LOWER
LIMIT PORPOISE

NOTES: FIGURES WHICH PRECEDE
THESE LETTERS INDICATE
THE MAGNITUDE OF THE
TRIM SWEEP IN DEGREES.

FIGURES IN PARENTHESES
INDICATE ACTUAL TRIM
AT WHICH HULL FIRST
MADE CONTACT WITH
WATER.
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Change from BQuil., Trim, deg.

Changs from Bquil. Trim, deg. Change from Equil. Trim, deg.

Change from Equil, Triam, deg.

STARTS IN WATER

STARTS ABOVE WATER

SURFACE
. (NOMINAL)
h i »2.00 §n, 3 gauiy =13 deg. Hgquiq = <183 inilb, M5.= - 2.50

-0.3 | 0.2 -0a1

o [ +0.1 | s0.2] s0.3

0.5 | 0.6 | 0w

Change from Equil. Heave, in,’

)T AP.E., b, ft.

+8 .0

+6,0

04.0_

+2 40

0

2.0

4.0

6.0

h = 198 in, 3'33“ =6.8 deg. 117 “OTein.Ib. Ms.- -1.25
0.3 [ 02] 00 o [+0a] oo.:.i 4043 0u3 | 0.6 | 049
Change from Equil. Heave, in. O P.Es, 1b, ft.

8.0,

640 "vs [a3e

4.0 40P [4sP

bz.0 . Pfep [40P.

0 LW. [asp [Bop

-2.0 a0oP 13D [40P

4.0 “2op ['Asp [Fse

L6.0 [

Bguiy = "0 ine Toquil =53 doge Moy ) = -048in,lb. M5'= 0.0
0.3 | 0.2] 0.1 ] 0 J+0.1 | +0.2] +0.3 0.8 | 0.6 | 0.9
Change from Equil. Heave, in. sP.E., 1b, £,

3:

6.0 ) (---l)s

4.0 s b

hz.0] LW S [™g

[(n.Y. 8. (84,

0 oF S ns <:.Ld$D

=240 S [ssD _%_'.Q.

4.0 Lw. [Ps5 |[*9g

6.0

oo = 165 in. T aquiy =55 deg. - = +035 in.1v, Ms" *+1.25
2.5 [ 02] 0] o Jeoa [ e0.z2| +0.3 0.3 | 0.6 | 0.9
Change from Equil. Heave, in. A PoE., lbe ft.

+8 .0 o . 1T + - - - PP PR

+6.0 55 s [5%p )

[+4.40 5 ["Sc 390

‘2'0 (4" S QQS ﬂ-ﬂ%

g s Fs Tado

-2.0 Feon 75 [Y3a

4.0 320 (3B 1558

-6 .0
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TEST RESULTS
TABLE I

" STEP HEIGHT - 1.0% b

MODEL 339-27

_2.33 IN. FWD, OF STEP

C.G.= 4.89 IN. ABOVE B.L.

SPEED 23.53 FT./SEC.

S = STABLE

D = DAMPED UPPER
LIMIT PORPOISE

P = SELF - SUSTAINING
UPPER LIMIT PORPOISE

B = INCIPIENT LOWER
- LIMIT PORPOISE

L.W.= LEAVES WATER

NOTES: FIGURES WHICH PRECEDE
THESE LETYTERS INDICATE
THE MAGNITUDE OF THE
TRIM SWEEF IN DEGREES.

FIGURES N PARENTHESES
INDICATE AGCTUAL TRIM
AT WHICH HULL FIRST
MADE CONTACT WITH
WATER.
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STARTS ABOVE WATER

STARTS IN WATER SURFACE
(NOMINAL)
b ... =2]4 in, J =T.6 deg. = —4251in,1b, Ms.' - 5.00
o 03 [ <0.2] -0.1] [ +0.1 ] s0.2] 0.3 0,5 | 0.6 | 0.9
'8. Change from Equil. Heave, in, A P.E., 1be ﬁ:.
8.0 )
- +64Q
:‘: l+4 .0
ghao| 52P | 5.3P
E o R 50P S S 5.0P s
&z 55P | soP | 52P
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gmm
b <208 in, Toquil T4 deg.  Koi) = -Si0in,l1b. M5°= -3.75
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8ls.0 | |
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=6 .0 50D [13.TB
b " 198 in, = 6.6 deg. ~096in.1b. . 25
K3 -os|-0.2|-01| +0.1 +0.3 .3]0.5 1o
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£e6.0 S S S | 500 12D
g0 S | s ]S ]|s
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M 0.3 [ 0.2] 0.1 ] 0 [+0.1 | s0.2] 0.3 0.3 | 046 | 09
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TEST RESULTS

TABLE I
STEP HEIGHT =5.0% b

MODEL 339-1

2.33 IN. FWD. OF STEP

C.G.= 4 89 IN. ABOVE B.L.

SPEED 21.18 FT/SEC.

THESE RESULTS PRESENTED
GRAPHICALLY INM FIG.5

$=STABLE

D = DAMPED UPPER
LIMIT PORPOISE

P = SELF-SUSTAINING
UPPER LIMIT PORPOISE

B = INCIPIENT LOWER
LIMIT PORPOISE

NOTES: FIGURES WHICH PRECEDE
THESE LETTERS INDICATE
THE MAGNITUDE OF THE
TRIM SWEEP IN DEGREES.

FIGURES IN PARENTHESES
INDICATE ACTUAL TRIM
AT WHICH HULL FIRSY
MADE CONTACT WITH
WATER.



NACA ARR No. 4H31 STARTS ABOVE WATER
STARTS IN WATER SURFACE
(NOMINAL)
h ., =205 in. 3 6.5 deg. =-20Mn.1b, M5'= -2.50
5 0.3 | ©0.2] 03] 0 | +0.1 | +0.2] +0.3 0,3 | 0u6 | 0,9
-3- Change from Equil, Heave, in. A P,®., lbs ft.
._5#0'.0- PN B ez . - .
Ele6,.0
4.0 3
ghz.0 "5 [éor
g|o L S op
&z “Gop [0S
gq.o ~2onl”S [aos
&80 *2on/ 300|508
T Jequit =6 deg.  Myoiqy=-@82in.1b. M.'a'- ~1.25

0.3 [ 0.2] 0] 0

100.1 l OO.ZI +0e3

0.3 | 0.6 | 0.9

Change from Eguil, Heave, in.

A P.E., 1b. ft.

¥

'5 8.0

)

. 1#6.0

"';‘»C.O > g fS

E.z.o Lw ™S )

E - :j oD L] :?5

ol-2.0 20D] 'S [ soP

{0 S Pfap[Bor

8le.0 - F31p[R00 [iTos
Roquiy 95 ine 3 pqui) "5:5deg.  Myguy) = -020in.1b. M= 0.0

» 0.3 | 0.2] 0.1 ] 0 [+0.1 ] »0.2] +03 0.3 | 0.6 | 0u2

8. Change from Equil. Heave, in, b P.E., 1b. ft.

i»B.O . (:;t

Spse0 "22p ms =20

Thaeo 40P S | S

&l2.0 azrl 'S s

E ° KS. D) !.os €XT)

T ‘asp ;"’S g

fhs " 7pfS [
6,0 2.88(14.08 [i708)
b =LTS in, 3 o35 deg. Mso' +1.25

0.3 | .2] -0.1]

squil = +0384n,1b,
o [+0a ] .o_.z’ 0.3 0.3 | 0.6 | 0u9

Change from Equil. Heave, in.

A PuFe, 1be ft.

+8.0

+6.0

le4 .0

2.0

2.0

~4 0

Change from Bquil. Trim, deg.

25

TEST RESULTS
TABLE IV

STEP HEIGHT =5.0%b
MODEL 339-1

_2.33 IN. FWD. OF STEP

C.G. " 4.89 IN. ABOVE B.L.

SPEED 23.53 FT/SEC.

S = STABLE

D = DAMPED UPPER
LIMIT PORPOISE

P = SELF - SUSTAINING
UPPER LIMIT PORPOISE

B = INCIPIENT LOWER
LIMIT PORPOISE

L.W.: LEAVES . WATER

NOTES: FIGURES WHICH PRECEDE
THESE LETTERS INDICATE
THE MAGNITUDE OF THE
TRIM SWEEP IN DEGREES.

FIGURES IN PARENTHESES
INDICATE ACTUAL TRIM
AT WHICH HULL FIRST
MADE CONTACT WITH
WATER,
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STARTS ABOVE WATER NACA ARR No.

STARTS IN WATER SURFACE
{NOMINAL)
h 215 in, 3 .16 deg, aa22in,1b, Ms.' 5.00
s 0.8 | 0.2] 01| 0 | +0.1 ] #0.2] «0.8] . [0.5 | 0.6 | 0.9
'a‘ Change from Equil. leave, in, A P,E., lbe ft.
Rle8.0
tle.0
r_;:u.o seP 5‘.,573 4
2.0 4.5P 40P [4.3P (48P |
El0 38P| S |4TP 58P 4P [SeP
&l 4.5P er 2P WP
S0 : %) P S0P [soP
g-c.o ; X aze|dspfasP
B aus =244 in, equil = T4 deg. Mggyi) =-3.0%4n.1b, M5’= -3.75
é'o 0.3 | <0.2] 0 ]JS Toa [ v0.2] +0a 0,3 | 0.6 | 0.9
g Change from Equil. Heave, in. . D P.E., 1be ft.
k8.0 :
- A
Sp2 3 ("..EOD (-?‘Ljip‘
Sheo 38P[40P [39P 2orP”Vs ['KRe
ZLz,0 5.5P| %.9P| 5.5P! o 550 42P
§ o 38P| S |34P - T Por| 55P [52p
2.0 33P | 3.0P] 3.9P: ; e P s op TP
o 4oplaoplaer | “d op[* TPl 6P
8le.0 | | 25P[70P |30P]
he uil =2 in, o w1} =7 deg. "rqu'xl =-181 in.1b, M5.= —2.50
g 0.3 | 0.2] 01 [ .0 [e0.1 [ «0.2; +03 0.3 | 0.6 | 0.9
“ Change from Equil. Heave, in. B P.Esy lbe ft
Fha0 44P {480 | 36D 45D “Ssp
Slewo 45P |4.5P | 58D 600D A0 lasP 450
=] 535P [42P |28D | 35D ] 29D] § “9s [Ssp |so0
gl soplasp | S |350] S | § 25D | 4sP | 3D
8o 30| 5 | § IS s | S 30D | BOD |8
oo S |33D|23D|30D) S | & 450”5 [T
gq.o 32D | 35D | 35D | 330 | 33D |4.2D “YS ebb llios
RSy [ty oy
6.0 400 [€oD [iIso8
oy 7200 12 =65 deg. asetn.db. 5" -1.25
L T o T T T " s loﬁ Tom
3 Change Irom Equil. Heavs, in. O P.E., 1b. ft.
_!-08.0 S S S S S 3 "-‘fs “_-"’5 vus)s
Kle.0 s|slsls s s f8g, 09 69
gl S [s]s [ s|sis s *Ps %8 %
g0l s s s [ s s s s S5 s Vs |
g° [ 5 | s1& s [s[s]s s 95 s
&lezol 5 S S s S . 51 8 e rS g%e&
4.0{ S 5 S S S | 1| S 658 (60B |isoB
* H rEay K-8 %) K%Y
5—6-0 ] | 1008 658 [ison
h =185 in, Joquil 40 doge Moy gy =010in.1b, M5'= 0.0
5 0.3 | 0.2] 0.1 ] 0 | +0s0 | +0.2] +0.3 0.3 | 0.6 | 0.8
~ Change from Equil. Heave, in. A P.Fs, b, ft.
s s | s |s 5 [ 5 | s Vg s [y
*le.0 S s | s s | s |8 s MU [
:‘:; 4.0 S & S 5 5 s ‘4.3:5 (4.9)5 (X S
502.0 S s s S S s rq.ﬂ's ». 5 3
g 0 s | s [ s|s |s |s ""s "Rsa 8o
o 2.0 S S S S S ) 278 mos ses
HFlao S S S ) s S 1358|1508 1208
8Ls.0 | so8 [T7om

4H31

TEST RESULTS
TABLE ¥

STEP HEIGHT =9.0% b

MODEL 339-26

2.33 IN. FWD. OF STEP

C.G.= 4 .89 IN. ABOVE B.L.

SPEED 21.18 FT/SEC.

S = STABLE

D = DAMPED UPPER
LIMIT PORPOISE

P = SELF -~ SUSTAINING
UPPER LIMIT PORPOISE

B = INCIPIENT LOWER
LIMIT PORPQISE

NOTES: FIGURES WHICH PRECEDE
THESE LETTERS INDICATE
THE MAGNITUDE OF THE
TRIM SWEEP IN DEGREES.

FIGURES IN PARENTHESES
INDICATE ACTUAL TRIM
AT WHICH HULL FIRST
MADE CONTACT wiTH
WATER.



NACA ARR No. 4H31

STARTS ABOVE WATER

27

STARTS IN WATER SURFACE
(NOMINAL) TEST RESULTS
s res ot usseaorenny, Mge==2.50
o -o s [ -0.2] -0. 1L [ 0t | +0.2] s0us 0.5 | 008 [ 0u9 TABLE M1
3 Change from Equil. Heave, in, & PoEey 1be fhe
i ! STEP HEIGHT =9.0% b
':E 4.0 8.0} (IM)S
5‘02.0 g .o)s MODEL 339-26
g1o s s [0S IN. FWD. OF STEP
4 o e .G, - 233 IN. FWD. O
%"'0 g g g 4.89 IN. ABOVE B.L.
‘g -‘.0 lhs (e W} s I".')S
SPEED 23.53 FT./SEC.
\ = —
h ug ™ 200 in. Jaquil * 64 deg.  Myguqy = -0921n.1b, M5' 1.25
o =08 | 0.2] 0] 0 [0l | e0.2] s0.3 0.3 | 9.6 | 0.9
u_ Change from Equil. Heave, in. O P.E., lb, ft.
';“E_ 8,0
[ 2]
6,0
- (oa) €y
'5‘ o4 .0 23D S
Sl Tw, |5 v
4 Y R - ) 1
8l 'S ’s Ao
“leo s %o [T
HFlao 7S Iesp [fde |
Sl6.0 1 |
S = STABLE
M .z0.0 D : DAMPED UPPER
hoquil = *°% im. Tequil = 55deg. Mg,y “-00in.db. "5 _ LIMIT PORPOISE
i‘o 0.3 [ 0.2] 001 0 [<0.1] w0.2] 0.3 0,3 | 0.8 [ 0.9}
. Change from Equil. Heave, in. | AP.E., 1b. ft. P = SELF-SUSTAINING
Ela.o UPPER LIMIT PORPOISE
& o0 SR
T e
3 S - 1
3»2.0 ‘TS . ')5 )5 L :
Y %3] )
8 s 'S [Boo L.W.: LEAVES WATER
Sz CYs [""s [Som
gq.o :T”S '9'.”05 1208 NOTES: FIGURES WHICH PRECEOE
6.0 "5 [\Zem THESE LETTERS INDICATE
THE MAGNITUDE OF THE
TRIM SWEEP IN DEGREES.
FIGURES IN PARENTHESES
INDICATE AGTUAL TRIM
a0 M = +1.25 AT WHICH HULL FIRST
Paouil * in. =3.5 dog. = +035in,1b, MADE CONTACT WITH
o 03 [ w.2] -0 +0,1 +0.3 0.3 [ 0.6 Jou WATER.
3 Change from Equil, Hnw, in. & PuEl, 1b, ft.
g[e.0
!’: 46,0 n-‘js (4.9)5 s.!)s
g0 =S [*7s 138 |
E‘z'o ) S [Cn, ".!40
E [+] 3.2, S- K6} s ‘.IPOB
&l2.0 *Ts Filss ‘fli'.gm
g0 T fiTon
'(‘_:; =6 4O




28 NACA ARR No. 4H31

Fig. 1
SCHEMATIC SKETCH
OF '
APPARATUS FOR LANDING TESTS
GUIDE WHEELS
| AUXILIARY SPRING
AMGHOR PLATE
UIDE ROLLERS
@ GAl
T li PUSHER ROD
' :: ; l/*rmr c“"%‘;’l::! | TANK RaIL
nLu.m SUPPORT “\l\/ﬁ’"“ BRAce |
HEAVE LOGK

1 QUIDE ROLLERS

-
Vi Le— SMOKED GLASS MOLOER
HYDROFOIL LINKAGE
s oLasS ALLAST
.
F:
-
TRACR DASHPOT
W RACI
!
:| 7 ' MOMENT
| | FRAMEWORK MOUNTED, o SPRING
:, ON TRAGK . HERE
lI
" =

] AMPIN TRIM LOGK . OF o.
:: BAR ) DASHPOT TRACK

I

AL e

= —— =

] HYDROFOIL SUPPORT DEL

{\NYDROFOIL
{CHANGES AMGLE WITH MODEL)

Fig. ]



NACA ARR No. 4H31 o 29

| AUXILIARY SPRING
7 aee

AW S vfh e W T AN AT ~ v
e & &

% 5 Mb

CLAMPING BAR
IN
LOGKED POSITION

CLAMPING BAR
: IN
RUNNING POSITION

(v)
Figure 2.- Auxiliary devices.
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Fig. 3

STEVENS "PRIMARY" UPPER LIMIT (IJOMplAREll) WIITH II\IACiA “LTPPE? LimiT IINCREASING TRIM"
' R T l | z
® STEVENS DATA FOR LIMIT TAKEN AT OSCILLATION OF 2.0° e
MODEL 339-1 {I/30 FULL SIZE) 5
c NACA UNPUBLISHED DATA =
MODEL 113 (1112 FULL SIZE} .
. (o]
[f-S
jo o}
ol
[]
B K[-) ] Ly |
PR | T
‘ o *
* s B w UPPER LIMIT DATA
(<) o ! O o »
° 1 VNGO q °
[o] . N
__B
6 - T 9 P~ 50, -0
‘Iﬂ B 8 ° :ON\"—
o4 -
(L] '
L 4 & ' P >
3 S
& hd o
LOWER LIMIT DATA o
—2 o o 4
&—& & c O =3
w
h:&.T S o ng\q ©
— 0 o
VCA/CV FL
(3]
0.20 0.15 | 0.10 005 0w



32

BODY PLAN OF PARENT MODEL

NACA ARR ¥No. 4H31
Fig. 4

339-1

l .
30 SCALE OF XPB2M-I

558

558 A

174
666
558

5S8F

BAasE LINE

Station Numbers are Inches Aft of Forepoint on Full Size.

Fig. 4



CHANGE FROM EQUILIBRIUM TRIM. DEG.

+8

+6

GHANGE

FROM_EQUILIBRIUM HEAVE, INS.

WITH MODEL IN WATER AT RELEASE

e
(@)
w

-0.2

e

VI T LT

AL A T v e e

-0.1 0 +0.2

+03 03

POINT OF
RELEASE

K
1
1
b1
||
ot
L1
|
1
T
pt
r/
= AFTERBODY
L CONTACT
T
1 fs
L EQUILIBRIUM
POINT
b—
-
FOREBODY
E 7] CONTACT
L
1 1
—1 Sl
- -
D )
- b
—t
BuRlE
] F
|10 52
/P‘ \ \
-
-
-
] 4
[P P P P
' '5R|&505g'5 05 05105051050 B 105 O,iR:agEé)E 050
TRIM, 225 :

GRAPHIGAL RECORDS FOR BOX INDICATED IN TABLE I

APE. WITH MODEL ABOVE
WATER AT RELEASE, LB.FT.

GRAPHICAL RECORDS

HEAVE, IN.

oF
TEST RESULTS

FOR
MODEL 339-I
STEP HEIGHT=5.0%b

_ 233 IN.FWD. OF STEP
489 IN. ABOVE BLL.

SPEED 21I18 FT./SEC.

C.G.

My»=-2.50 IN.LB.(NOMINAL)

FROM TABLE IIT

S=STABLE

D=DAMPED UPPER
LIMIT PORPOISE

P=SELF-SUSTAINING
UPPER LIMIT PORPOISE

B=INGIPIENT LOWER
LIMIT PORPOISE

g 814
¢e

ON ¥dvV VOVN

1¢HY




SELECTED RECORDS ILLUSTRATING
THE FOUR TYPES OF MOTION FOUND THROUGHOUT TESTS "

STEP HEIGHT = 1%b

= 2L181.p.s.
\ SPEED = 21181.p.5 . _ \

\ \ \
\ : \ f \
STABLE \ 3
« /\ | \ 1 \ .
\ \ \ z
\ \ S
L g 1.5
[ = ~ ] L [—=lo&g
| L—1 "] w
\ ﬁ 0| =
Mge = O IN.LB. Mye = O IN.LB. Mge = O INLB.
tNomiNALY {NOMINAL) fNoMINAL) | l
AP.E.= 0.3 LB.FT. AP.E. = 0.6 LB.FT. APE.=0.9LBFT .
L UJ—— u [ o
5 '9im DEG.
\
\
\
S I DAMPED 3
\ UPPER _LIMIT PORPOISING s =
\ = 0O
- T lg" »
L [~ i< >
S 3
X o
. =
Mge =z~ |.25IN.LB. Mges= |.25IN.LB. Mge 5= |. . Mge =~1.28IN.LD. Ie)
NOMINAL) i ?uommxu’%" NoMINAL T | l‘momrml.)’tl"‘“ | .
APE.*O03LBFT APE. = 03LBFT. LPE.z O6LBFT A PEcOBLBFT. 3 s
tola s
L 0 &0
L— 10



OMINAL) 3
E.*03LB.FT.

=

SELF SUSTAINING

UPPER LIMIT PORPOISING

B

\.

-~

Mge =~2.501N.L
(NOMINAL)
A Eﬂ APE.=O.6LBFT.
FOREBODY GONTACT
P
\ \
\ \
\
- INCIPIENT
LOWER LIMIT PORPOISING
] -
MgezON. Mge= O IN.LB.
(NOMINAL) (NOMINAL)
AP.E.S LB.FT. _Anm_‘
Fig. 6

POINT OF RELEASE ?

Mge 2-2501N.LD.
EQUILIBRIUM Pomr/(';.ﬁumu

AFTERBODY CONTACT

L
S
-

A N

\

o W
HEAVE, IN.
[$HY "ON WMV VOVN

RE
% g
«
L—"] w
I
Mg OIN.LB. | - |
(NOMINAL) 1
APE= 0.9!.0.[1’.
5 0
5 '9rimpES.

]
urs
™
oG
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ol
WITH

+ STEVENS

l

]

NACA "UPPER LIMIT, DECREASING TRIM"

l

COMPARISON OF STEVENS. "SECONDARY" UPPER LimIT

114

o NACA

— 10
— UPPER LIMIT, INCREASING TRIM
SAME AS ON PAGE 23
\
8 )
N
\\
o
o]
w AN FOR SPEED 21.18 fp.s.
o N | + |
L4 2 \ FOR SPEED 2353 fps. |
3 \\
o
= N
LOWER LIMIT \ -
2 SAME AS ON PAGE 23 < % §
x
~L : :
~— (1]
0 _ S
xy
Vv CA/ Cv "::(x::
0.20 0.15 | 0.10 0.05 Q -

Fig. 7



"OR -¥dV VOVN

MODEL SPEED, FY. PER. SEC

§
¢
EFFECTS OF CHANGE OF STEP HEIGHT
: ON SEGCONDARY UPPER LIMITS
' 12
| \ :
1]
) N
. RLNMITS| grep Heiout \\ L
(L] g " - .
wg ¥ peey B2 9%b NG g W
o 3 . 5 2552007 2) a
g P TN T e, seub| % |
i | [ e ¥
a7 ’ | SECONDARY |°  [““<ly = Tiicuq, . - a
2 4 . LOWER LIMIT UPPER LIMITS| | e | bl - =
‘E 4] ¢ 1%b s, _ ~ s
uqu‘,,_lq‘“
e . 3 . -
R 0 " ~—}Speen g‘ggmcrem, c"?s— o o w\\“““ AT e 2 A
T T T | | T | 1 T T T T T |
10 11 y 12 13 4 1% 16 " 1.} 19 20 21 22 23 24 25 26 27

1¢HY

Fig. 8

g 814
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EQUILIBRIUM

TRIMS

% OF RUNS MADE

% OF RUNS MADE

BAR CHART FOR THE THREE MODELS

SHOWING RELATIVE FREQUENCY OF
- THE FOUR TYPES OF MOTION

{STARTS IN

“I?D

STEP HEIGHT 1% BEAM

100-—
80
60+
40+
20

o

67 7I 74 76

100+
QO-
60
40
20+
| o

-1.25-250-375 ~-500

\—& - W24

7/

i ]

° A

AND ABOVE THE WATER SURFACE)
(SPEED 21.i8 FT./SEC.)

2.33 INS. FWD. OF STEP
C.G.* 4.89 INS. ABOVE B.L.

STABLE
DAMPED UPPER LINMIT PORPOISING
SELF-SUSTAINING UPPER LIMIT PORPOISING
INCIPIENT LOWER ,LIMIT PORPOISING

STEP HEIGHT 5% BEAM STEP HE!
] [

~

NACA ARR No. 4H31
Fig. 9 .

MODEL RELEASED IN WATER

42 66 71 74 76 40 65 7

L1 |
BN

7
: 1
z 1

Fig. 9

MODEL RELEASED ABOVE WATER

-2.50-373-8.00 Mg, IN.LBS.
{NOMINAL)






